). British Journal of Industrial Medicine, 33, 181-186. Energy expenditure and physiological performance of Sudanese cane cutters. The thermal and exercise tolerances of 165 Sudanese cane cutters were measured in the laboratory and related to work performance and productivity in the cane fields. The results showed that the amount of cane cut per minute in the field was significantly correlated with changes in body weight (r = + 0o53) during the third hour of work, aerobic energy expenditure (r = + 0 43), and cardiac frequency during work. These variables in turn were associated with predicted maximal power output (V02 max) measured in the laboratory. The average energy expenditure during cane cutting was 1-66 ± 0 33 l/min-' (34-9 kJ/min-1) which represents approximately 60% of the workers predicted V02 max. This rate of energy expenditure was sustained in the cane fields for at least three hours without significant pauses for rest. The sweat losses measured in 32 cane cutters during the two and three hours of work averaged 637 ± 221 and 770 ± 282 g/h-1 respectively, while the mean urine temperature immediately on cessation of effort was 37-74 ± 0 46°C. Despite the additional environmental heat load of the tropics, it would seem that cane cutters performing a self-paced task demanding heavy physical effort, are able to sustain work levels well in excess of those recommended for most European factory workers without obvious signs of fatigue or heat stress.
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There have been several studies on the energy the armed forces (Edholm et al., 1955) where the expenditure and thermal tolerance of men working work is controlled and to some extent regulated. under laboratory conditions (Astrand and tLean body mass (LBM) was calculated from skinfold thicknesses (Durnin and Rahaman, 1967) workers in Nigeria, while Davies (1973) and Fenwick and Figenschou (1972) have examined the productivity of cane workers in East Africa, but no data were reported in these studies for the energy expenditure of physiological responses to the actual tasks performed by the men during their normal working days.
The present paper is concerned with studies on Sudanese cane cutters working on the Guneid Sugar Estate in the Gezira South of Khartoum, and examines the level of energy expenditure and productivity of workers in the cane fields in relation to their laboratory-measured exercise and thermal tolerance.
Material
The data were collected on 165 Sudanese cane cutters and form part of a larger study of the effects of schistosomiasis on work performance (Collins et al., 1976) .
The physical characteristics of the workers involved in the present investigation are shown in Table 1 .
The subjects were required to attend the laboratory on one occasion only. They were initially habituated to exercise on the stationary bicycle ergometer and skinfold thicknesses, body height, and weight were measured. After these measurements had been taken they performed specific exercises and thermoregulatory function tests.
The exercise was in the form of a progressive test, the work load being raised every three minutes by 300 kp/min-1 from zero load to the limit of the individual's work capacity. Minute (1967, 1969) .
Field productivity measurements were made on 129 of the subjects observed in the laboratory. Changes in body weight (to the nearest 50 g) were recorded at hourly intervals using a portable beam balance set on a rigid platform. Heart rates were measured by palpation from the wrist. At the end of a three-hour period the weight of the cane cut by each man was measured. They did not urinate during the three-hour period of work, and any fluid intake was measured and accounted for in estimates of sweat loss. The temperature of voided urine was measured immediately on cessation of work as described by Fox et al. (1971) . In 42 subjects direct measurements of oxygen intake were made over a 20-minute period, using Kofranyi-Michaelis (KM) respirometers which were carried by the observers; expired gas was collected via a respiratory valve and 3-5 m length of flexible plastic tubing. This arrangement allowed the subject to work freely with a minimum of interference from the equipment and observer. The oxygen content of the expired air was measured on a portable paramagnetic oxygen analyser (Servomex Ltd) previously calibrated with gas mixtures of known concentration. Oxygen intake was determined from these measurements, and was converted to an energy expenditure value using the formula of Weir (1949) which ignores the expired CO2 content.
At hourly intervals during the period of study measurements of wet, dry, and globe temperatures were taken. These data together with the laboratory environmental temperature measurements are given in Table 2 
Results
The physiological responses to the exercise and thermoregulatory function tests are summarized in Table 3 . There were no significant correlations between the indices (Ts. and SR) of thermoregulatory function and the responses to exercise measured in the laboratory. The rate of cane cut per working period was 15-18 ± 3 32 kg/min-'. Productivity as measured in these terms was associated with the number of years' cane cutting experienced by the individual worker (r = + 0-23; P < 0 01) and with predicted V02 max; the relationship was similar to that found in East African workers employed at the Kilombero sugar cane estate (Fig. 1) Davies (1973) (Table 4 ). The energy cost of cane cutting was positively associated with the weight of cane cut per minute, (r = + 043, P < 0X001). The mean oxygen intake in the field corresponded to 59 ± 14% of the predicted V02 max measured in the laboratory. During the three-hour period of cane cutting, the workers generally spent 91 % of their time either cutting ot stacking, only 5% in walking, and less than 2% resting. Energy expenditure (1/min-1) ..
± 0 33
Cardiac frequency (beats/min-)..
± 18
Relative work level (% VO2 max)
Change of weight (g/second hour)
±221
Change ofweight (g/third hour)
±282
The mean weight changes of 32 cane cutters during the second and third hours of work, were 637 ± 221 and 770 ± 282 g respectively. The change in weight during the third hour of work was positively associated with predicted V02 max (r = + 0 34, P < 0 05) and average productivity (r = + 0-53, P < 0-01). The maximal sweat rate attained in the field was correlated (r = 0-52, P < 0-001) with the sweat loss measured in the laboratory bed test at a constant body temperature of 38°C (Fig. 2) .
At the end of the work period the average temperature of urine from 26 cane cutters was 37-74 + 046°C. This was 1-0-1-50C higher than the mouth temperature recorded during the same period of time.
Discussion
The present data were collected during an investigation of the effects of schistosomiasis on work performance (Collins et al., 1976 ). An analysis of the effects of schistosomiasis on the variance of the physiological variables presented here showed that no significant differences existed between those workers who had the disease and those in whom it was absent. In this paper, therefore, those workers who were measured both in the laboratory and in the cane fields have been treated as a homogeneous group. The responses to submaximal exercise and predicted V02 max accord with previous observations collected on African workers engaged in heavy physical tasks (Ojikutu et al., 1972; Davies, 1973) ; the levels of energy expenditure during cane cutting are also comparable to those found recently by Spurr, Barac-Nieto, and Maksud (1974) . A mean aerobic energy output value of 34 9 kJ/min-' is within the range found for coal mining and corresponds to the work rate voluntarily chosen by lumberjacks when felling trees . Thus despite their relatively low predicted V02max in European terms (Davies, 1968; Davies et al., 1972) the cane cutters are able to maintain a work rate equivalent to 59% of their estimated maximal work performance. This is certainly a higher figure than that recorded by Bink (1962) for industrial workers, and by Bonjer (1962) and Astrand (1967b) for building workers. However some caution is necessary in interpreting the present results. The maximal performance was predicted from the responses to submaximal exercise during upright exercise on a bicycle ergometer; it has previously been shown (Davies, 1968 ) that V02max predicted in this way may underestimate true maximal performance, and may give rise to a serious overestimate of the relative work load as calculated in the present study. It is impossible to reproduce the work of cane cutting, which is mainly confined to the trunk, shoulders and arms, by exercise on the bicycle ergometer. However, several workers (Asmussen and Hemmingsen, 1958; Astrand and Saltin, 1961) (Fox, personal communication) consistently underestimate rectal temperature by 0-2-0 3°C then our mean urine temperature of 37 74°C would support this conclusion (Saltin and Hermansen, 1966 (Edholm et al., 1955) , and in the building industry (Astrand, 1967b) . Astrand found that workers involved in manual labour who were able to set their own pace, adopted a work rate of 40% of their VO2max, frequently alternating rest and work periods. However, our observations are similar to those of Hansson (1964) who found that lumberjacks rarely took long breaks and preferred to work at an even rate throughout the day.
The productivity in the fields was related to the individuals VO2max (Fig. 1) . This confirms the observations of Davies (1973) on a similar group of subjects in East Africa and finds support in the results of Hansson (1964) who found that lumberjacks with large earnings were invariably characterized by high aerobic power output. During their period of work the cutters on average lost 3 % of their body weight and were sweating profusely during the third hour of work. The change in weight during this period was highly correlated with energy expended, the amount of cane cut, cardiac frequency, the individual's predicted VO2max, and the sweat loss measured in the controlled hyperthermia bed test (Fig. 2) . These observations underline the importance of an individual's heat and exercise tolerance to his capacity to sustain prolonged hard physical work in the hot environment of the tropics. The Sudanese sugar cane worker is able to sustain a level of work in excess of that recommended for most industrialized countries without undue sign offatigue or heat stress.
